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EHLQJ D SULPDU\ H[DPSOH RI VSRQWDQHRXV SDWWHUQ IRUPDWLRQ 7KLV LV DOVR EHFDXVH RI WKH
H[WHQVLYHLQIOXHQFHRIGHQGULWHVRQWKHHQJLQHHULQJSURSHUWLHVRIPHWDOV>@,QPHWDOOXUJ\D
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7KHVHDUHGLUHFWLRQVRIPLQLPXPFDSLOODU\VWLIIQHVVDTXDQWLW\WKDWUHSUHVHQWVWKHUHGXFWLRQ
RIWKHPHOWLQJWHPSHUDWXUHDWWKHVROLGOLTXLGLQWHUIDFH>@ZKHUHE\WKHPHOWLQJWHPSHUDWXUH
LV PRVW KLJKO\ GHSUHVVHG E\ WKH *LEEV7KRPVRQ HIIHFW 7\SLFDOO\ IRU PHWDOV ZLWK DQ
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! WR ! JURZWK WUDQVLWLRQ ZLWK LQFUHDVLQJ GHSDUWXUH IURP HTXLOLEULXP > @ ,Q
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VWUXFWXUH DQG D KRPRJHQHLW\ UDQJH RI  WR  DW  *H :KHQ VXEMHFW WR UDSLG
VROLGLILFDWLRQYLDGURSWXEHSURFHVVLQJD UDQJHRI VROLGLILFDWLRQPRUSKRORJLHVDUHREVHUYHG
ZLWKLQFUHDVLQJGHSDUWXUHIURPHTXLOLEULXP7KHVHDUHLQRUGHURILQFUHDVLQJGHSDUWXUHIURP
HTXLOLEULXP VSKHUXOLWHV GURSOHW GLDPHWHU ±  ȝP FRROLQJ UDWH ±  . V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PL[HGVSKHUXOLWHVDQGGHQGULWHV ±ȝP±.VZHOOGHILQHGGHQGULWHV
ZLWK RUWKRJRQDO VLGHEUDQFKLQJ ±  ȝP ±  . V GHQGULWHV ZLWK QRQ
RUWKRJRQDOVLGHEUDQFKLQJ±ȝP±.VDFUDFNOLNHPLFURVWUXFWXUH
VXEVHTXHQWO\LGHQWLILHGDVKDYLQJXQGHUJRQHUHFU\VWDOOLVDWLRQ±ȝP±.
V DQG GHQGULWLF VHDZHHG  ±  ȝP ±  . V >@ $OO RI WKHVH
PRUSKRORJLHVFDQEHVHHQIURPWKH)LJXUH

)LJXUH6(0PLFURJUDSKRI+)HWFKHG1L*HGURSWXEHVDPSOHVD6SKHUXOLWHVEPL[HG
VSKHUXOLWHV	GHQGULWHVFGHQGULWHV±RUWKRJRQDOGGHQGULWHVQRQRUWKRJRQDOHFUDFN
OLNH UHFU\VWDOOL]HG DQG I GHQGULWLF VHDZHHG DUH REVHUYHG LPEHGGHGZLWKLQ D IHDWXUHOHVV
PDWUL[

7KH FRQWUDVW LQ WKHVH VDPSOHV LV YLVLEOHRQO\ DIWHU HWFKLQJ LQDQ DJJUHVVLYHPL[WXUHRI+)
+&ODQG+127KLVGLIIHUHQWLDOHWFKLQJGRHVQRWDSSHDUWREHGXHWRFKDQJHLQSKDVH;5'
DQDO\VLVVKRZVWKHPDWHULDOUHPDLQVIXOO\VLQJOHSKDVHE1L*HLUUHVSHFWLYHRIFRROLQJUDWH
1RU LV LW GXH WR DQ\ FRPSRVLWLRQDO GLIIHUHQFH ZLWK ('; FRQILUPLQJ WKDW WKH PDWHULDO LV
FKHPLFDOO\KRPRJHQHRXVDQGDW WKHQRWLRQDOE1L*HVWRLFKLRPHWU\ ,Q IDFW6HOHFWHG$UHD
'LIIUDFWLRQ3DWWHUQV6$'3REWDLQHGLQWKH7(0LQGLFDWH WKDW WKHRQO\GLIIHUHQFHEHWZHHQ
WKHREVHUYHGIHDWXUHVDQGWKHVXUURXQGLQJPDWUL[PDWHULDOLVWKHGHJUHHRIFKHPLFDORUGHULQJ
&RQVHTXHQWO\ZHREVHUYH D FRQWUDVW EHWZHHQ GLVRUGHUHG PDWHULDOZKLFKKDV SUHIHUHQWLDOO\
GLVVROYHG LQ WKH HWFKDQW UHODWLYH WR WKH RUGHUHG PDWHULDO ZKLFK LV UHODWLYHO\ XQHWFKHG ,W
DSSHDUV WKDW WKH REVHUYHG IHDWXUHV VSKHUXOLWHV GHQGULWHV VHDZHHG DUH WKH SULPDU\
VROLGLILFDWLRQ PRUSKRORJ\ IRUPHG GXULQJ WKH UHFDOHVFHQFH VWDJH RI VROLGLILFDWLRQ DQG KDYH
EHHQ VXEMHFW WR GLVRUGHU WUDSSLQJ GXULQJ UDSLG JURZWK 7KHVH DUH WKHUHIRUH FKHPLFDOO\
GLVRUGHUHGZLWKWKH$IFFFU\VWDOVWUXFWXUH6XEVHTXHQWO\WKHUHVWRIWKHPDWHULDOVROLGLILHV
PRUH VORZO\ GXULQJ WKH SODWHDX SKDVH RI VROLGLILFDWLRQ ZKHUHLQ JURZWK RI WKH FKHPLFDOO\
RUGHUHG/SKDVHRFFXUV>@7KHXQGHUO\LQJFU\VWDOORJUDSK\DVUHYHDOHGE\VHOHFWHGDUHD
GLIIUDFWLRQDQDO\VLVLQWKH7(0UHPDLQVWKHVDPHLUUHVSHFWLYHRIFRROLQJUDWH>@
6SRQWDQHRXV JUDLQ UHILQHPHQW 6*5 LV DOVR REVHUYHG LQ WKH VDPH FRQJUXHQWO\ PHOWLQJ
LQWHUPHWDOOLF FRPSRXQG ȕ1L*H 0LFURVWUXFWXUDO DQG (%6' GDWD SURYLGH FRPSHOOLQJ
HYLGHQFHRIVSRQWDQHRXVJUDLQUHILQHPHQWE\UHFU\VWDOOL]DWLRQDQGUHFRYHU\ZLWKLQDQDUURZ
VL]H UDQJH RI GURSWXEH SURFHVVHG VLQJOH SKDVH E1L*H SRZGHUV VSDQQLQJ WKH UDQJH RI
FRROLQJUDWHV±.V±ȝP>@7KLVUHFU\VWDOOL]DWLRQJUDLQUHILQHPHQWLV
REVHUYHG DW ORZHU XQGHUFRROLQJ WKDQ WKH WUDQVIRUPDWLRQ WR GHQGULWLF VHDZHHG VWUXFWXUH
+RZHYHU IRU YHU\ KLJK FRROLQJ UDWHV !  . V UHFU\VWDOOL]DWLRQ LV VXSSUHVVHG DQG
IUR]HQLQVHDZHHGVWUXFWXUHVDUHREVHUYHG>@
,QWKLVDUWLFOHZHSUHVHQWDQDQDO\VLVRIUDSLGO\VROLGLILHG1LDW*HSURGXFHGXVLQJWKH
GURSWXEHWHFKQLTXHIRFXVLQJRQGURSOHWVLQWKH±PPVL]HUDQJHFRROLQJUDWH±
 . V LQ ZKLFK ZH REVHUYH D SURJUHVVLYH FKDQJH LQ WKH PLFURVWUXFWXUH DFURVV WKH
GURSOHWDVVROLGLILFDWLRQSURFHHGV
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&RQJUXHQWO\ PHOWLQJ VLQJOH SKDVH ȕ1L*H >@ ZDV SURGXFHG E\ DUF PHOW 1L DQG *H
WRJHWKHUXQGHUDSURWHFWLYHDUJRQDWPRVSKHUH7RHQVXUHKRPRJHQHLW\RIWKHILQDOFRPSRXQG
WKHDUFPHOWLQJSURFHVVZDVUHSHDWLQJWLPHVZLWKWKHSKDVHFRPSRVLWLRQRIVXEVHTXHQWLQJRW
EHLQJFRQILUPHGE\;UD\GLIIUDFWLRQXVLQJD3$1DO\WLFDO;SHUW3UR7KHGDWDZHUHFROOHFWHG
RYHUDUDQJHRIqLQșXVLQJ&X.ĮUDGLDWLRQO QPJHQHUDWHGDWDQDQRGH
YROWDJHRIN9DQGZLWKDFXUUHQWRIP$
2QFH WKH PDWHULDO ZDV FRQILUPHG WR EH VLQJOH SKDVH UDSLG VROLGLILFDWLRQ SURFHVVLQJ ZDV
XQGHUWDNHQ XVLQJ WKH /HHGV  P GURSWXEH >@ 7KH DUFPHOW LQJRW ZKLFK ZDV
DSSUR[LPDWHO\JLQPDVVZDVORDGHGLQWRDQDOXPLQDFUXFLEOHZKLFKKDGWKUHHP
ODVHU GULOOHG KROHV LQ WKH EDVH 7KH VDPSOH ZDV PHOWHG E\ XVLQJ LQGXFWLRQ KHDWLQJ ZLWK D
JUDSKLWHVXVHFHSWRUEHLQJXWLOL]HGLQRUGHUWRDFKLHYHHIILFLHQW5)FRXSOLQJ2QFHWKHGHVLUHG
WHPSHUDWXUH RI  .  q& FRUUHVSRQGLQJ WR  . VXSHUKHDW ZDV DFKLHYHG WKH
FUXFLEOH ZDV SUHVVXUL]HG WR  N3D ZKHUHLQ D VSUD\ RI ILQH GURSOHWV LV SURGXFHG 7KHVH
VROLGLI\LQIUHHIDOOGRZQWKHWXEHZKLFKLVPDLQWDLQHGDWDSUHVVXUHRIN3DZLWKDKLJK
SXULW\LQHUWDWPRVSKHUH)XUWKHUGHWDLOVRIWKLVGURSWXEHPHWKRGDUHJLYHQLQ>@
7KH 1L*H GURSWXEH SRZGHUV ZHUH SUHSDUHG IRU DQDO\VLV E\ PRXQWLQJ JULQGLQJ SROLVKLQJ
DQGHWFKLQJ)LUVW WKHVLHYLQJLQWRSDUWLFOHVL]HUDQJHVRI WKHSRZGHUVZDVSHUIRUPHG7KLV
ZDVGRQHE\XWLOL]LQJQLQHZLUHPHVKVWDFNLQJVLHYHVWKDWKDYHDSHUWXUHVWKDWGHFUHDVHt
ȝP.V±ȝP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 ±  . V DQGd  ȝP !  . V 'XULQJ VLHYLQJ WKH VLHYH VWDFN ZDV
DJLWDWHG IRU  PLQXWHV )RU HDFK VL]H IUDFWLRQ WKH FRROLQJ UDWH FDOFXODWHG XVLQJ WKH
PHWKRGRORJ\GHVFULEHGLQ>@LVVKRZQLQEUDFNHWV7KHPRXQWLQJRIWKHSRZGHULQD7UDQV
2SWLFUHVLQIROORZHGIURPLWVUHPRYDOIURPDOOWKHVLHYHVRIYDU\LQJVL]HtȝPWRd
ȝP
;5' DQDO\VLV ZDV XVHG WR FRQILUP WKDW WKH GURSWXEH SRZGHUV UHPDLQHG VLQJOHSKDVH
IROORZLQJ UDSLG VROLGLILFDWLRQ SURFHVVLQJ 6XEVHTXHQW WR ;5' DQDO\VLV WKH\ ZHUH PRXQWHG
DQGSROLVKHGWRDPPVXUIDFHILQLVKIRUPLFURVWUXFWXUDODQDO\VLV)ROORZLQJSROLVKLQJWKH
VDPSOHVZHUHHWFKHGXVLQJDPL[WXUHRIHTXDOSDUWVRI+)+&ODQG+12$&DUO=HLVV(92
0$VFDQQLQJHOHFWURQPLFURVFRSH 6(0RSHUDWLQJ LQVHFRQGDU\HOHFWURQ LPDJLQJPRGH
ZDV XVHG WR LPDJH WKHPLFURVWUXFWXUH RI WKH GURSOHWV UHYHDOHG E\ HWFKLQJ ZKLOH DQ 2[IRUG
,QVWUXPHQW;0D[(QHUJ\'LVSHUVLYH;5D\(';GHWHFWRUZDVXVHGWRFKHFNWKHFKHPLFDO
KRPRJHQHLW\ RI WKH VDPSOHV 7KH ('; OLQH VFDQ WHFKQLTXH ZDV DOVR XVHG ZLWK VDPH
HTXLSPHQWRQHWFKHGVDPSOHIRUWKHDQDO\VLVRIFRQWUDVWEHWZHHQWKHPLFURVWUXFWXUHVDQGWKH
IHDWXUHOHVV PDWUL[ (OHFWURQ EDFNVFDWWHU GLIIUDFWLRQ 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